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ABSTRACT: Elemental composition ( N ,  P, K, Ca, Mg, Na, Mn, Fe, Cu, and 
Zn) was studied in semi-natural grassland communities of the province of 
Salamanca (Central-Westem Spain) under the effect of a topographical gradient 
(two differentiated slope positions: upper zone and lower zone) and for the main 
botanical groups forming these communities (grasses, legumes, and other 
families). In the upper positions where the propomon in weight of legumes and 
other families is greater than in the lower ones, the P, Ca, Fe, and Cu 
concentrations were higher than in the lower. For elements like N, Mg, aiid Zn, 
the zona1 difference in the grass was not significant, since this was counteracted 
by the greater nuhient content of the lower zones and a dilution effect due to the 
greater production of biomass in that zone. The mean value of the K:(Ca+Mg) 
ratio in the grass was significantly lower (P<0.05) in the upper zone than in the 
lower one, and al1 the samples were lower than the critica1 value for livestock 
[2.2]. The highest Ca:P ratio vaiues were also found in the lower zone, witli the 
legumes showing the highest vaiues. 
considering the upper and lower zones together, the number of significant 
correlations between the bioelements was higher for the gramineae group; N, K, 
and Mg being the elements forming the most correlations within that family. The 
correlation between Ca and Mg concenaations is noteworthy, appearing in al1 the 
cases under consideration. Differentiation by zones gave a lower number of 
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significan1 correlations than when the upper and lower zones were considered 
together. 
INTRODUCTION 
The "dehesa" zone occupies a great pan of the province of Salamanca 
(Central-Westem Spain). This terrain is characterized by the presence of scarce 
tree-canopy anda large open spaces with shb- l ike  and herbaceous strata serving 
as pastureland for livestock. 
Plants, one of the main components of these communities, have a capacity for 
response in the face of different agents. Thus, the chemical composition of the 
grass depends on various factors: the type of soil, botanical composition, 
phenological phase, climatic and seasonal conditions and the use to which the land 
is put. These aspects have been reviewed by several authors (2,6,14,21); 
however, little attention has been paid to the effect of topographical position on 
these variations. 
Just as important as the nutrient concentrations in the grass are the 
relationships that can be established between these nument levels and those of 
other components. The interpretation of such relationships is complex, since the 
nuaients interact among themselves from the very moment of their absorption. 
Nonetheless, an analysis of the correlation between the concentrations can be a 
fiist step towards understanding these relationships. Cenain particular aspects 
which can affect the correlations between elements have been studied by several 
authors (9,11,12,15). 
The present work studies the effects of taxonomic group and topographical 
gradient on the concentration of the nnments N, P, K, Ca, Mg, Na, Mn, Fe, Cu, 
and Zn, and the Ca:P and K:(Ca+Mg) ratios in semi-namal grassland commun- 
ities and attempts to determine the possible correlations between these mineral 
elements, taking into account both effects. 
MATERIALS AND METHODS 
The samples analyzed were collected from 30 selected slopes of pasture 
communities in the "dehesa" zone of the province of Salamanca (CW Spain) 
during June 1987. In this area the annual rainfall during the year studied was 592 
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mm with the following dismbution: 145 mn in autumn; 185 mm in winter; 121 
mm in spring and 141 in summer. The average monthly temperature ranged 
between 1.7"C in January and 20.8'C in August (1 1'C annual mean). 
On each slope, samples of plant biomass were taken from two topographicaiiy 
differenáated zones: an eroded zone (upper part) andan accumulation zone (lower 
part) during the flowering-fmctification phase. The samples were collected in 
duplicate cutting in each case the plant material contained in three randomly chosen 
0.5 m squares. In one of the duplicates three large taxonomic groups were 
separated manually: grasses, legumes and other families, the other was considered 
as such. The four samples obtained from each place were dned in an oven at 60'C; 
the proportions of d q  matter were detennined and then ground in a mil1 with a 
0.5-mm mesh sieve. 
Potassium, Ca, Mg, Na, Mn, Fe, Cu, and Zn concenuanons were determined 
by atomic absorption spectrophotometry, P by colorimeny using the vanado- 
rnolybdophosphoric yellow method, and N by the Kjeldhal method (5). The Ca:P 
and K:(Ca+Mg) ratios, expressed on an equivalen1 basis, were calculated. 
Analysis of v&ance (ANOVA, LSD at P~0.05) was used to compare zones 
and families for each nntient. Simple correlation analysis was applied to the 
concenuations of the above elements for herbage, grasses, legumes and other 
families, c o n s i d e ~ g  the two slope zones together and each one separately. 
RESULTS AND DISCUSSION 
The mean concentration of the nntrient elements analyzed is show 
schematicaily in Figure 1, and the effect of both the taxonomic group and the slope 
position (Tables 1 and 2) can be observed. It can also be seen that within the 
grasses, the nutrient concennaiion for both zones had a similar distribuhon, 
although in different ranges. 
In general, the lower zones are more fertile, maintaining greater soil humidity 
and being richer in nnments, thus making the mineral concentration of the grass 
higher; however, due to a dilution effect caused by the greater production of 
biomass in these zones, the opposite phenomenon may occur, thus decreasing the 
nument concenuation in the grass. 
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FIGURE 1 :  Mean nutrient concentrations in grass and botanical 
groups in the upper and lower zones of slope. 
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TABLE 1. Macronumeni concenuations in nerbage and botanical components in two 
positions of slope. 
HERnAGE 
upper m 
zone M 
X 
cv 
lower m 
wne  M 
X 
CV 
LSD (P<0.05) 
GRASSES 
upper m 
zone M 
X 
CV 
lower m 
wne M 
X 
CV 
LSD (P<0.05) 
LEGUMES 
upper m 
wne M 
X 
CV 
lower m 
wne M 
X 
CV 
LSD (P<0.05) 
OTHER FAMILIES 
upper m 0.87 
zone M 1.70 
x 1.18 
CV 16.5 
lower m 1.12 
wne M 2.12 
x 1.52 
CV 17.2 
LSD (P<0.05) 0.17 
LSD fam. 0.11 0.02 . 0.14 0.10 0.02 0.06 
zones 0.15 NS NS 0.13 0.02 n n i  
m = minimum value. M = maxirnum value, x = mean vaiue; CV = coefficient of vdaiion 
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TABLE 2. Micronumeni concentralions in herbage and botanical componenis in tivo 
pasitions of slope. 
Mn (ppm) Fe ippm) Cu ( P P ~ )  Zn íppm) 
HERBAGE 
upper m 50 50 5.0 17 
zone M 562 400 100 45 
x 201 135 7.3 27 
CV 50.4 66.9 17.7 22.5 
lower m 50 5 1 1.3 12 
mne M 462 312 10.0 57 
x 229 106 4.0 26 
CV 51.4 52.5 51.4 32.8 
LSD (P<O.O5) NS NS 0.89 NS 
GRASSES 
uppcr m 125 42 1.3 10 
zone M 437 145 5.0 27 
x 224 70 3.0 17 
CV 33.9 34.3 38.7 25.5 
lower m 50 55 1.3 12 
'mne M 475 250 5.0 32 
x 249 102 2.6 20 
CV 47.0 44.1 41.3 21.8 
LSD (P~0.05) NS 20 NS 2.3 
LEGUMES 
upper m 25 47 5.0 15 
wne M 525 187 20.0 40 
x 127 77 9.8 26 
CV 79.5 36.4 48.0 25.8 
lower m 50 59 6.3 17 
mne M 256 237 22.5 67 
x 116 109 13.6 36 
CV 54.3 50.5 38.2 30.4 
LSD (Pc0.05) NS 23 2.6 4.8 
OTfIER FAMLIES 
upper m 25 47 5.0 15 
zone M 562 362 12.5 41 
x 207 100 8.4 28 
CV 58.0 64.0 22.6 24.6 
lower m 50 60 2.5 12 
zone M 775 662 16.3 47 
x 220 196 9.1 31 
CV 75.4 84.7 31.9 23.1 
LSD (P4.05)NS 65 NS NS 
LSD Fam. 41 31 1.2 2.8 
zones NS 26 NS 2.8 
m = minimum vaiue. M = maximum value, x = mean value: CV = coeflicienr ofvajaiion. 
SEMIARID ZONES 1981 
Nitroeen: Zona1 differences in N levels were patent in the three groups of 
families, with a higher concentration in the lower zones. where the soil is ncher in 
numents. In herbage the difference between zones was not significant (P>0.05), 
prohahly owing to the effects of greater fenility in the lower zones anda greater 
proponion of legumes and other families, that are ncher in N, in the upper zone 
(3). The nitrogen level in legumes tended to be higher than in grasses, as long as 
the level of N available was low, because at high N levels this difference between 
families may he compensated (22). 
Phosohorus: The difference between zones was not notable, being significant 
only in grasses (P<0.05) and in herbage with opposite tendencies. Phosphoms 
concentration was similar in grasses and legumes samples in the lower zone, while 
in the upper one it was notahly higher for legumes than for grasses, which is in 
agreement with Whitehead (22) who pointed out that the presence of legumes in a 
grass sward can increase the P content of the grass. The mean values of other 
families were higher than those of legumes (0.18 and 0.16% in the upper and 
lower zones, respectively). 
The grass can be considered deficient for livestock, particularly in the low 
zone. These deficiencies have aiready heen reponed in other works (10). 
Potassium; The mean K values were similar in both zones; there were signi- 
ficant differences only in the case of grasses, and the low zone (1.39%) was richer 
than the upper one (0.87%). The families of grasses and legumes had a similar K 
content, as expected, since according to Fleming (6) the quantity of K in the plant 
depends mainly on the level available in the soil while gasses may have higher or 
lower K concentrations than legumes. However, the mean contents in other 
families were notahly higher (Table 1). It is not surpnsing that the K content of 
grass samples is above the levels required in animal nutrition, since the K 
reqnirements of the plant clearly exceed those of livestock (21). 
Calcium: For this element, significant differences were found hetween the 
zones (Pc0.05) in the botanical fractions considered separately (Figure 1). The 
lower position was richer in Ca, the grasses having a clearly lower level than the 
legumes and other families. Nevenheless, the mean value for herbage in the upper 
zones (0.73%) was higher than in the lower zones (0.61%), since the families that 
are ncher in this element predominate in the high position (3). in general, the grass 
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had Ca levels above the minimum required for animal numtion (0.35%), and is 
thns adequate for the diet of livestock 
Mapnesium: Mg concenuation was found to v q  with topographical position 
in much the same way as that of N in the different families, with higher mean 
values in the low zones, produced by a snong leaching of this element. In the 
grass the difference between zones was not significant (P>0.05), since the effects 
of greater fenility in the lower zones is compensated by a higher proponion of 
legumes and "others", ncher in Mg (13), on the upper part of the slope. 
A few samples exceeded the levels requiredin animal numtion (0.20%). such 
that the grass can be considered deficient for livestock. Previous works (10) have 
already pointed out these deficiencies, which in fact are worldwide (14). 
Sodium: The differences between zones in Na concennations were noteworthy. 
The topographical effect had the greatest influence observed with respect to this 
nutrient, due to its greater solubility and easy leaching from the eroded zone 
(upper) to the accumulation zone (lower). This difference was found for both 
herbage and the botanical fractions (Figure 1). but was more pronounced in the 
group of "others" where the mean value for the low zone (0.31%) was up to eight 
times higher than that of the upper part (0.04%). This is due to a greater 
availabiiity of Na in the lower position and to the great variability in the Na content 
of grass species (14). Plants usually have a low Na content with respect to the 
nuüitional requeriments of mminants (1). It is not surprising that no grass sample 
from the high zone and only 40% of those from the lower part exceed the required 
levels for animal nuüition (0.06-0.10%). 
Mancanese: Although the difference between zones was not significant for this 
nument (P>0.05), the mean value for grass in the lower part is higher (Table 2). 
This is due to the presence in that zone of a higher proportion of grasses which are 
generally richer in Mn (4), and a lower degree of soil aeration which can increase 
this effect (17). However, for legumes, the mean value in the upper zone was 
higher, although not significantiy different (P>0.05) from the lower part, probably 
caused by the predominant species in these zones, given the wide variability of 
this element with respect to species (17). 
LQK Although the mean value of Fe concenwation in grass was higher for the 
upper position, the difference between zones was not significant (P>0.05). Upon 
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considering botanical groups, however, the zona1 differences were significant in 
ail the families (Table 2), with higher concentrations in the lower part of the slope. 
Cor>ner: The Cn concentration was found to vary with topographical position in 
grass, with the same tendencies as in Ca, influenced by the botanical composition. 
In the highest topographical zones with a predominante of the fractions of 
legumes and "others", clearly ncher in Cu (7), the mean value was higher than in 
the lower parts. Zonal differences in the botanical fractions were only significant 
for legumes, with higher Cu conceutrations in the lower zone. The grass samples 
could be deficient in Cu for livestock, especially in the lower position. 
ZNIC: The lower zones of the slopes tend toward higher concentrations of Zn. 
although for grass the difference between zones was not significant (Table 2). 
This balance is possibly due to differences in content arnong the taxonomic groups 
and the different proportions of these groups in each zone (as occurred with Mg 
and N). The Zn levels were similar for legumes and other families and are clearly 
superior to those of grasses, although Lamand (16) noted the opposite. 
Ca:P and K:íCa+Mc) Ratios: When considering animal nutrition, it is 
important to keep in mind certain necessary mineral balances in the diet, such as 
Ca:P and K:(Ca+Mg), which when penurbed may lead to metabolic disorders in 
livestock. 
Ca:P Rafio: The highest mean valnes of the Ca:P ratio (Table 3) appeared in 
legumes [10.3] and other families [6.71 of the lower zone, logically due to the fact 
that the Ca concentrations there are higher (Tablel). The grasses samples showed 
considerably lower mean values t3.39 and 2.71 for the upper and lower zones, 
respectively]. For herbage there were no significant differences (P>0.05) between 
the zones, with a mean value of 3.9 in both parts. 
The most adequate value for the Ca:P ratio in a diet for livestock growth lies 
within a range of 1.0 and 2.0, although according to McDowell (19). mminants 
can actually tolerate a wider range, reaching values of 7.0, particularly when the 
vitamin D status is high. Therefore, considenng the levels in grass, the pastures 
studied can be said to lie within the tolerable range, aithough the legumes, 
considered seperately, show higher values. 
K:ICa+Mni Ratio: The mean value of this ratio in grass was significantly 
lower (k0.05) in the upper zone [0.72] than in the lower one [0.88]. The grasses 
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had highest values (Table 3). evidently due to the fact that Ca and Mg 
concenaations are lower in this group han  in legumes and "others" (Table 1). 
Low Mg concentrations in grass (<0.02%) may induce grass tetany in 
mminants. This disorder occurs most frequently in spring and autumn, especiaily 
when these seasons are cold and wet (13). Moreover, high K concentration in 
grass can reduce the quantity of Mg available, thereby increasing the risk of grass 
tetany (13.18). Taking into account these effects, the risk can be said to be 
aggravated when the value of the K:(Ca+Mg) ratio in the diet (expressed on 
equivalent basis) exceeds 2.2. 
In the samples studied, al1 the values for herbage and the botanical fractions 
(except one sample of grasses in the upper zone) were lower than the critica1 
value. 
CORRELATIONS BETWEEN NUTRIENTS 
The significant correlations (P<0.05, P<0.01) hetween the concentrations of 
the elements determinated are shown in Figure 2. Two aspects are considered, i) 
on the one hand, the effect of the botanical composition (grasses, legumes, other 
families and herbage) for the upper and lower zones together, and ii) on the other 
hand, the topographical position (high and low zones). 
Effect o f  Botanical Comvosition: Considering the high and low zones 
together for grasses, legumes, other families and herbage, it is seen (Figure 2) that 
the number of correlations between the concenaations of elements is greater for 
grasses than for the rest of the groups. This difference was pointed out by Garcia 
(8) in a study on species of grasses and legumes in seminatural communities. 
In the three taxonornic groups considered, and in grass, positive relationships 
can be established between N-Ca, N-Mg, N-Na, N-Zn, Mg-Na, and Ca-Mg. For 
this latter relationship, the high correlation coefficients were prominent: r = 0.63, 
P<0.01 (for grass); r = 0.61, P ~ 0 . 0 1  (for grasses); r = 0.80, P<0.01 (for 
legumes) and r = 0.56, P<O.01 (for other families). The negative relationship 
between Mn-Ca appeared in a i l  the groups considered, except in legumes, where it 
was aiso negative hut not significant (P>0.05). 
For grasses, N, K, and Mg showed the highest number of positive and 
significant correlations, and were associated with the rest of the elements, with the 
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FIGURE 2: Significant relationships between bioelements under the 
effects of topography and botanical composition. 
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exception of Cu and Mn. Of note are the high coefficients between N-P (r = 0.66, 
P<0.01), N-K (r = 0.77, P<0.01), and N-Mg (r = 0.68, P<0.01). The number of 
relationships of these elements decreased in the rest of tlie groups. The negative 
nature of the associations of K in legumes should be noted (K-Zn, K-Cu, and 
K-Na). This aspect of K is in accordance with that found by Kidambi (15) for two 
types of cultivated legumes and by Garcia (8) for species from seminatural 
communities. 
For herbage, and specifically for Ca, the only relationsbips which were not 
significant (Pz0.05) are Ca-Na and Ca-Fe. They are significant, however, in 
grasses, legumes, and other families. 
In the four groups considered, Zn was the micronument showing the greatest 
number of associations. Manganese had fewer relationships, and in legumes, Mn 
concentration was not comlated with that of any element. 
Effect o f  Toooera~hicai  Posifion: On differennating the upper and lower 
zones of slopes, within each group (grasses, legumes, other families, and 
herbage), the number of relationships between nutnents as well as the leve1 of 
significance decreases with respect to consideration of the low and high zones 
together. This is manifested most notably in legumes and "others". 
Only the relationship between Ca-Mg is significant in al1 cases with correlation 
coefficients between r = 0.38, P<0.05 (in otber families for the high zone), and r 
= 0.73, P<0.01 (in legumes for the lower zone). 
In grasses and herbage for the low part, the bioelements interact with each 
other a similar number of times, maintaining sorne relationships. This could be 
due to the marKed predominante of grasses over other groups in this zone, and 
thus, the similarity of relationships between herbage and the family of grasses. 
Likewise, the greater contribution in dry matter of other families seems to 
affect the grass for the upper zone of the slope, although its effect is less 
prominent. 
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